Amplified cytokine response and lung injury by sequential hemorrhagic shock and abdominal compartment syndrome in a laboratory model of ischemia-reperfusion.
Increased intra-abdominal pressure has been shown to result in a myriad of physiologic aberrations that result in the abdominal compartment syndrome (ACS). The clinically relevant combination of hemorrhagic shock and resuscitation and subsequent ACS, however, has not been studied in detail. We hypothesized that sequential hemorrhagic shock (HS) and ACS would result in greater cytokine activation and polymorphonuclear neutrophil (PMN)-mediated lung injury than with either insult alone. Twenty Yorkshire swine (20-30 kg) were studied. Group 1 (n = 5) was hemorrhaged to a mean arterial pressure of 25 to 30 mm Hg for 60 minutes and resuscitated to baseline mean arterial pressure. Intra-abdominal pressure was then increased to 30 mm Hg above baseline and maintained for 60 minutes. Group 2 (n = 5) was subjected to HS alone and Group 3 (n = 5) to ACS alone. Group 4 (n = 5) had sham experiment without HS or ACS. Central and portal venous interleukin-1beta, interleukin-8, and tumor necrosis factor-alpha levels were serially measured. Bronchoalveolar lavage (BAL) for protein and PMNs was performed at baseline and 24 hours after resuscitation. Lung myeloperoxidase was evaluated at 24 hours after resuscitation. Portal and central vein cytokine levels were equivalent but were significantly higher in Group 1 than in other groups. BAL PMNs were higher (p < 0.05) in Group 1 (4.1 +/- 2.0 x 106) than in the other groups (0.6 +/- 0.5, 1.4 +/- 1.3, and 0.1 +/- 0.0 x 106, respectively) and lung myeloperoxidase activity was higher (p < 0.05) in Group 1 (134.6 +/- 57.6 x 106/g) than in the other groups (40.3 +/- 14.7, 46.1 +/- 22.4, and 7.73 +/- 4.4 x 106/g, respectively). BAL protein was higher (p < 0.01) in Group 1 (0.92 +/- 0.32 mg/mL) compared with the other groups (0.22 +/- 0.08, 0.29 +/- 0.11, and 0.08 +/- 0.06 mg/mL, respectively). In this clinically relevant model, sequential insults of ischemia-reperfusion (HS and resuscitation) and ACS were associated with significantly increased portal and central venous cytokine levels and more severe lung injury than HS or ACS alone.